From an acetone extract of the aerial parts of Tidestromia oblongifolia (Amaranthaceae), a new drimane sesquiterpenoid bearing an 11,12,13-trihydroxydrimene skeleton (1), as well as the 11,12 acetonide of 1 were isolated. Three known stigmastane triterpenoids were also isolated. Structures were elucidated with the aid of 1D and 2D NMR spectroscopic techniques. The absolute configuration of 1 was confirmed by single-crystal x-ray crystallography. This is the first report on phytochemical constituents from any plant of the genus Tidestromia and is the first report of the occurrence of drimanes in the Amaranthaceae.
The genus Tidestromia (Amaranthaceae) is represented by six to seven species of annual to perennial plants native to desert regions of western and southwestern United States (US) and Mexico [1] . T. oblongifolia (Arizona Honeysweet) is a subshrub which can be found in arid zones of Arizona, Utah, Nevada, Sonora and Baja California [1a,1c] . Previous literature reports on this plant document the effects of various physical and environmental factors on its photosynthetic characteristics [2] . However, there have been no reports on the constituents of either T. oblongifolia or of any other Tidestromia species. Twigs and herbage of the related species T. lanuginosa have been used in folkloric medicine by the Seri Indians of Sonora Mexico for head-ache and foot-ache [3] . As part of our program to examine extremophiles of desert regions of the US for novel bioactive natural products, we undertook an investigation of T. oblongifolia. Our investigations resulted in the isolation of two new drimane sesquiterpenoids (1 and 2), as well as three known stigmastane triterpenoids. The structures of the compounds were deduced with the aid of 1D and 2D-NMR spectroscopic techniques, as described below.
Compound 1 showed an [M+Na] + peak at m/z 277.1773 in the HREIMS, indicating an elemental molecular formula of C 15 H 26 O 3 . The 1 H NMR spectrum of 1 showed two methyl singlets at δ H 0.79 and 0.82. Six signals in the δ H 3.00 -4.40 ppm region of the spectrum were indicative of protons attached to oxygen-bearing carbon atoms. Two mutually-coupled single proton doublets were observed at δ H 3.06 and 3.41 and a similarly coupled pair of signals was seen at δ H 3.97 and 4.35 ppm. HSQC analysis indicated that these two pairs of doublets were attached to carbons at δ C 71.8 (C-13) and 67.7 (C-12), respectively. Two other protons resonated at δ H 3.65 and 3.90 and HSQC analysis confirmed that these protons were both attached to the same carbon atom (C-15, δ 61.6). A vinylic proton signal was seen at δ H 5.78 ppm; this proton showed HMBC correlations to δ C 23.6 (C-6) and δ C 67.7 (C-12). Further inspection of 13 C, DEPT, HMBC and HSQC spectral data enabled the assignment of all substituents on the decalin core of 1. Thus the gross structure of 1 was determined to be that of 11,12,13-trihydroxydrimene. To deduce stereochemical assignments, a NOESY experiment was performed. The NOESY spectrum showed key correlations between the H-15 protons (δ H 0.79) and the H-11 oxymethylene protons (δ H 3.65, 3.90), as well as correlations between the H-13 protons and H-5. H-5 (δ H 1.59) in turn showed NOESY crosspeaks to H-9 (δ H 2.20). On the basis of these data, the relative stereochemistry for compound 1 was assigned which was corroborated by single-crystal X-ray analysis ( Figure 1 ).
The molecular formula of compound 2, C 18 H 30 O 3 , was indicated by HRESIMS at m/z 295.2291
[M+H] + , which suggested four degrees of unsaturation. The presence of 3 additional carbon atoms (compared to 1) as indicated by the HREIMS was also supported by 13 C NMR data. The 1 H NMR spectrum of 2 was very similar to that of 1 indicating that they were structurally related. However, major differences as compared with 1 were observed in the methyl region. Here, there were two nearly coincident methyl singlets at δ H 0.86 (distinguished upon spectral expansion as δ H 0.858 and 0.863), as well as an additional pair of methyl singlets at δ H 1.32 and 1.35. Two geminally coupled doublets (J = 10.9 Hz) resonating at δ H 3.11 and 3.36 ppm corresponded closely in chemical shift to protons assigned to H-13 in 1. Signals for the H-11 and H-12 protons were also similar in chemical shift to those of 1, although there were notable upfield shifts (up to 0.22 ppm) for these proton signals in 2. HMBC analysis established the presence of a gem-dimethyl fragment and allowed for formulation of an acetonide sub-structure in 2. Based on the foregoing spectral data and coupled with further HMBC analysis, the complete structure for 2 was elucidated. Examination of the NOESY spectrum of 2 has enabled assignments of its stereostructure. Thus, similarly to 1, key NOESY cross-peaks were seen between the H-13 protons and H-5 and between H-5 and H-9. NOESY cross-peaks were also seen between the H-11 (δ H 3.64, 3.70) and H-15 methyl protons (δ H 0.86).
It is possible that compound 2 is an artifact of either the extraction or isolation procedures, being derived from 1, but further experiments (for example, plant material extraction and chromatography in the absence of acetone, HPLC-MS analysis) are needed to confirm this. Further column chromatography of fractions derived from the crude acetone extract yielded the known compounds stigmasterol and β-sitosterol as an inseparable mixture, as well as stigmast-22-en-3β-ol. Drimanes, particularly those containing aldehyde functionalities (such as polygodial, 3) have been reported to possess cytotoxic, antibacterial and antifungal activities [4] . As a preliminary evaluation of the bioactivity of 1 and semi-synthetic derivatives obtainable therefrom, we oxidized 1 under Swern conditions to give the trialdehyde 4 and evaluated compounds 1 and 4 in a brine shrimp lethality assay [5] . Compounds 1 and 4 were toxic with LC 50 values of and 147.4 μg/mL and 9.0 μg/mL, respectively.
A drimane bearing the same gross structure as 1, but with the opposite stereochemistry at C-4, has been isolated from the fairy ring fungus Marasmius oreades [6] . 
Extraction and isolation:
Air-dried aerial parts of T. oblongifolia (397 g) were extracted with hexanes (3 × 2L). The hexanes were evaporated in vacuo to give 5.2 g of crude extract. The marc from the hexanes extraction was then extracted with acetone (3 × 2L), providing 6.0 g of crude acetone extract, after evaporation of the solvent in vacuo. A methanol extract (22.1 g) was similarly prepared by extraction (3 × 2L) of the marc from the acetone extraction. Fractionation of the acetone extract in 1L portions of increasing polarities of acetone-hexanes mixtures (10% -100% acetone) afforded 10 fractions (1A-1J).
The fractions eluted in 30% -40% acetone-hexanes (1C and 1D) were pooled on the basis of TLC profiles and subjected to repeated flash column chromatography, affording compounds 1 (52 mg, 0.013%) and 2 (5 mg, 0.001%). Repeated column chromatography of fraction 1B gave stigmasterol and β-sitosterol as a mixture and stigmast-22-en-3β-ol (spectroscopic data as previously reported) [9] .
Brine shrimp assay:
The brine shrimp (Artemia salina) lethality assay was conducted as described by McLaughlin et al [5] . Briefly, brine shrimp were added to artificial salt water (ASW) suspensions of the test compound to give final concentrations of 1000, 100, 10, 5 and 1 µg/mL (conducted in triplicate plus ASW controls). After 24 h the number of surviving shrimp was counted and the percentage lethality calculated. LC 50 values were determined by statistical analysis of the data (log concentration vs. percentage lethality) using Graphpad Prism. 
Preparation of compound 4:
To a solution of DMSO (28 μL, 1.94 mmol) in CH 2 Cl 2 (2 mL), oxalyl chloride was added (66 μL, 0.78 mmol) at -78°C. After stirring the solution for 15 min, a solution of 1 (49 mg, 0.19 mmol) in CH 2 Cl 2 (2 mL) was added over 5 min. The mixture was stirred for 45 min at -78°C and then triethylamine (0.64 mL, 0.20 mmol) was added. The resulting solution was stirred for 30 min at room temperature and then was diluted with 20 mL water and 20 mL ether. The phases were separated and the aqueous phase extracted with a further 20 mL of ether. The organic layers were combined, dried (Na 2 SO 4 ) and concentrated. Column chromatography in 1% MeOH-CH 2 Cl 2 gave 32 mg (0.13 mmol, 68%) of the trialdehyde 4 as a colorless solid. 9.23 (1H, s), 9.47 (1H, s), 9.53 (1H, d, J = 4.3 Hz) . 13 C NMR (125 MHz, CDCl 3 ): 14. 9, 15.8, 16.4, 26.2, 32.7, 35.8, 38.6, 40.9, 48.6, 59.7, 138.3, 152.8, 193.1, 201.1, 204.7 Single-crystal X-ray diffraction of 1 [10] : The intensity data for 1 were measured on an Bruker-Nonius KappaCCD diffractometer (graphitemonochromated Mo Kα radiation, λ = 0.71073 Åφ-ω scans) at 100 (1) K. The data were not corrected for absorption. Details of the solution and refinements for this compound are as follows C 15 H 26 O 3 (1): The crystal of 1, with approximate dimensions 0.10 x 0.20 x 0.25 mm, were monoclinic with space group P2 1 . The final unit-cell constants of 1 were a = 9.154(2), b = 8.388(2), c = 9.819(2) Å, β = 110.40(3)˚, V = 702.4(3) Å 3 , Z = 2, ρ = 1.203 g cm -1 , μ = 0.081 mm -1 , formula weight = 254.36. The structure of 1 was solved with SHELXS-97 and refined by full-matrix least squares on F 2 with SHELXL-97. The hydrogen atoms were included in the structure-factor calculations, but their parameters were not refined. The final discrepancy indices for the 1704 reflections (θ < 27.50˚) were R = 0.0512 (calculated on F) and R w = 0.0919 (calculated on F 2 ) with 168 parameters varied. The final difference map peaks are < 0.20 e Å -3 .
